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SUMMARY  
 
This research aims to characterise ultrafine particle distribution in an office, by investigating 
printers and air supply units as potential sources of indoor particles. Ultrafine Particle number 
concentrations, as well as office characteristics such as temperature and airflow were analysed 
using the computational fluid dynamics (CFD) method and standard k-ε model. Our findings 
suggest that reasonable estimates of indoor ultrafine particle number concentration can be 
made by considering at both indoor and outdoor sources. It was found that the greatest 
ultrafine particle number concentrations were not necessarily found at locations closest to the 
indoor particle sources and that the concentrations close to the air inlets also displayed 
significant particle concentrations. Conversely, at points far away from the airflow inlets (in 
the corners of the room), ultrafine particle number concentration was somewhat higher, as a 
result of poor airflow circulation, which failed to circulate these particles for removal at the 
outlet. 
 
 
INTRODUCTION 
 
Urbanisation and significant population growth increase the proximity of residential and 
commercial regions, thus increasing number of houses and offices located close to busways 
and busy roads. Ultrafine particles emitted from vehicles have been identified as a serious 
pollutant, as they trigger oxidative stress and inflammation in the lungs. Such particles cannot 
be filtered by regular ventilation systems and normally end up penetrating into the building’s 
interior. In addition to outdoor sources of particles, scientific evidence strongly suggests that 
particles are also produced during the operation of office equipment, such as printers (He et 
al., 2007). However, to date, few studies have considered the impact of ultrafine particles 
coming in through ventilation system and being produced by strong indoor source, 
simultaneously. Also, few studies have investigated ultrafine particle number concentration 
using the computational fluid dynamics (CFD) method. This research not only aims to 
consider printers and air supply units as potential sources of indoor particles, but also to 
innovatively characterise ultrafine particle distribution by assessing particle number 
concentration at different locations, as well as office characteristics such as temperature, 
relative humidity and airflow. 
 
Topic 11: Computer tools and experimental techniques for assessment of 
building energy and built environments 
METHODS  
 
Case Description 
 
The study was conducted in a typical university office, 9.5 x 6 x 2.65m3 in volume and 
partitioned into four separate working areas (see Figure 1). The building is equipped with 
mechanical air conditioning system, which has two inlets and one outlet in the ceiling. All 
windows are sealed shut. Three people occupy the office space and the printer is located close 
to the door. Smoking is forbidden in the building.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Office layout 
 
Boundary Conditions 
 
Background particle number concentration was found to be 2000 particles/cm3. The three 
occupants were calculated to generate a constant heat flux of 70W per person, whilst each 
computer generated heat equivalent to 150W and the total heat generated by the ceiling lights 
was 560W. The temperature at both inlets was 25oC and the airflow was 0.23m3/s and 
0.21m3/s at each inlet, respectively. Inlet 1 was found to introduce 2.32 x 107 particles/s into 
the space, whilst inlet 2 was slightly higher, at 2.746 x 107 particles/s. The printer was found 
to generate heat equivalent to 150W, and particles at a rate of 4.5x1010 particles/min. Since 
85-95% indoor particles are smaller than 0.1µm in diameter and the particles emitted by the 
printer had a mean diameter of 45nm (He et al. 2007), 45nm was chosen as the average 
diameter of particles for the model. 
 
Modelling Approach 
 
CFD software (FLUENT) and a standard k-ε model were used to perform both the particle 
number concentration prediction, and analysis of airflow fields and temperature fields in a 
steady state. Hexahedral mesh was applied to achieve the convergent grid independence of 
180,000.  
 
 
The particle loss coefficient for deposition velocity (β ) is:  
 
V
AVd=β                                                                                                                                               (1) 
 
where A is the area of the room inner surface and V is the volume of the room. For all particle 
sizes, deposition velocity ( dV ) is in the range 0.4 – 56 x 10
-6ms-1, making β  equivalent to 5.2 
- 72.8 x10-5 h-1. Therefore, since deposition velocity is two orders of magnitude lower than the 
air exchange rate for the office (2.9 x 10-3 h-1), particle deposition was not considered in this 
model (Lai, 2002; Lai et al., 2005b). 
 
Particle number concentration was calculated by the equation: 
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where ni and Di are the number and diameter of particles in size class i, and Dav is the average 
particle diameter. As the temperature close to printer was very high, the Boussinesq 
approximation was not considered in this model, while the PISO algorithm was used to 
couple the pressure and velocity field. Airflow at the outlet was set at the Neumann boundary 
condition, in order to ensure that the mass flow rate out of the office was equal to the mass 
flow rate into office. 
 
 
RESULTS 
 
Velocity Field Distribution 
 
The positioning of the air inlets and outlet was not very effective for the purpose of removing 
indoor air pollutants, as nearly half of the office space did not receive any direct air flow, 
causing the air to be almost stagnant, as shown as Figure 2. Even in the half of the office 
receiving direct airflow, the distance between inlet 2 and the outlet was not great enough to 
allow full airflow from inlet 2, with most of the air from inlet 2 flowing directly to the outlet, 
shown as Figure 3. 
 
 
                               
Figure 2. Airflow velocity field of y = 1.3m 
 
 
 
Figure 3. Airflow distribution field of y = 1.3 m 
 
Temperature Field Distribution 
Figure 4 shows the average temperature distribution in the office. Because there is no direct 
airflow on one side of the room, the temperature in that half of the office is higher than in the 
directly ventilated half. The placement of the partitions also inhibits the airflow and leads to 
heat being trapped within the partitioned spaces. 
 
             Figure 4. Temperature field distribution field of y=1.3 m 
Distribution of Airborne Particles  
From Figure 5 it can be seen that, in terms of air flow, particles from inlet 1 were dispersed 
evenly in all directions, while most of the particles from inlet 2 flowed directly to the outlet. 
This model was also run for printer generated particles only, which showed that particle 
number concentration was significantly higher close to the printer and that it decreased with 
increasing distance from the source (Figure 5).  
 
Figure 5. Particulate matter mass concentration distribution 
 
 
In order to determine the relative importance of each particle source, three separate points, 
each close to one of the three occupants, were investigated, using both the model for printer 
emissions, as well direct particle number concentration measurements conducted during 
printing.  
 
The printer emissions model showed that, at points 1 and 3 (closest to the printer), the 
increase was of the orders of 103, however at point 2 (furthest from to the printer), overall 
particle number concentration was lower, with an increase of the order of 102 orders of 
magnitude. These direct measurements confirmed an increase in particle number 
concentration during the printing process. However they showed a uniform increase of 1e3 
orders of magnitude for all three points during the printing process.  
 
This finding indicates that particle number concentration at point 2 was significantly affected 
by particles entering the office via the air inlet, since it showed the lowest particle number 
concentration when modeled without considering the inlets, and that highest concentration 
when direct measurements were conducted. This also indicates that the ventilation system was 
unable to filter particles and that particles penetrating indoors from the air inlet contribute a 
significant amount to indoor particle concentrations. 
 
 
CONCLUSIONS 
 
This study used the CFD modeling method to compare particle number concentrations at 
different locations in an air conditioned office, with a strong pollutant emitting source. The 
modeling results were compared with the direct measurement results and it was found that the 
greatest ultrafine particle number concentrations were not necessarily found at locations 
closest to the indoor particle source, and the locations closed to air supply unit were also 
affected by particulate matter entering by office via the inlet. However, in order to obtain 
more specific results, further investigations and revisions of the model are required. 
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